Abstract: This experiment was conducted to evaluate the effect of different dietary levels (0, 5, 10, 15 or 20%) of Distillers Dried Grains with Solubles (DDGS). Each level was fed without or with two enzyme supplementation, (Kemzyme plus dry supplemented at 250 gm/ton feed or Polytec Binder plus ® ® supplemented at 500 gm/ton feed). A total number of 450 Inshas hens (30 wks old) and 45 cocks were distributed into 15 treatments of 30 hens, each in three replicates (10 hens and one cock, each). Diets were formulated to contain 16% CP and 2700 Kcal ME/Kg at laying period. Results show that no significant differences in digestibility coefficient values of Crude Protein (CP), Ether Extract (EE), Crude Fiber (CF), Nitrogen Free Extract (NFE), Body Weight Gain (BWG), feed intake and egg quality were observed by inclusion DDGS in laying hen diets. Also, results indicated that no significant effect on semen quality, fertility, hatchability and body weight of chicks in hatch by inclusion DDGS, enzyme supplementation or interaction between DDGS levels and enzyme supplementation in laying hen diets. Inclusion of 5% DDGS in laying diets significantly increased egg production %, egg number and egg mass, compared with the other levels. However, increasing DDGS to 15 or 20% in laying hen diets significantly increased yolk color and shell thickness and significantly decreased egg production %, egg number, egg weight and egg mass and gave the worst feed conversion compared with the other levels (0, 5 and 10%). Supplementation of Kemzyme plus dry (enzyme 1) to diets containing DDGS had significantly higher percentage of digestibility coefficient value ® of ether extract and increased egg production %, egg number and egg mass than those fed the other treatments. In conclusion, the present results show that DDGS can be successfully fed at levels up to 10% in laying hen diet without adverse effect on laying performance. Also, enzyme supplementation could improve the utilization of DDGS to levels up to 20% of the diet.
INTRODUCTION
Distiller's Dried Grains with Soluble (DDGS) is a coproduct of dry mill ethanol plants and is a source of protein/amino acids, energy and available phosphorus for poultry Creswell (2006) . Corn contains about 62% starch, 3.8% oil, 8.0% protein, 11.2% fiber and 15% moisture. Because most of the starch is converted to ethanol during fermentation, the resulting nutrient fractions (protein, oil and fiber) are 2 to 3 times more concentrated in DDGS compared to corn. The DDGS from modern ethanol plants may be an attractive alternative ingredient for layer diets. Lumpkins et al. (2005) suggested a maximal inclusion rate of 10-12% DDGS in diets for laying hens. In addition, Roberson et al. (2005) reported that 15% DDGS did not adversely affect performance of laying hens but suggested that lower levels of DDGS is preferred when introducing it into the diet. Also, Swiatkiwicz and Koreleski (2006) reported that up to 15% DDGS could be used in layer feeds while, inclusion of 20% negatively affected laying rate and egg weight.
Recently, Roberts et al. (2007) found that using 10% DDGS in laying hens diets had no negative effects on egg production or egg quality parameters. Parson et al. (1992) suggested that excessive heat applied during the drying process may cause mallard reactions between the lysine residues and carbohydrate moieties, subsequently a reduction in lysine availability. Enzyme using is well documented across different types of poultry diets, amylase, Jiang et al. (2008) , protease, Wang et al. (2008) , xylanase, Cowieson et al. (2005) , beta-glucanase, Mathlouth et al. (2002) , mixes of two or more of the aforementioned activities Cowieson and Ravindran (2008) are among the many that can be found in the scientific literature. Ward et al. (2008) noted that arabinoxylans and cellulase were the predominant NSP (Non-starch polysaccharide) in DDGS from modern ethanol plants. Addition of NSPases in the 44-to 68-week feed phase helped offset the drop in laying rate and daily egg mass noted by Swiatkiwicz and Koreleski (2006) in diets with 20 % DDGS versus the nonsupplemented diet. Also Shalash et al. (2009a,b) found that addition of radish root extract to 12% DDGS diet management and exposed to 16 L:8 D daily lighting increased body weight at 28 and 42 days in broiler schedule during the experimental period which lasted compared to birds fed DDGS alone.
up to 42 weeks of age. In Egypt, there is a lack of information on DDGS as feed The tested raw material was analyzed for moisture, CP, ingredient in laying diets. Therefore, the present study EE, CF and ash by the methods outlined by Official was design to evaluate using different levels (0, 5, 10, 15 Methods of Analysis AOAC (1990) . Amino acid or 20%) DDGS without or with two enzyme concentrations in DDGS were analyzed with Biochrom supplementation in Inshas laying diets in a 5 x 3 factorial 20 amino acid Analyzer based on the described method design.
of Spackman et al. (1958) . Methionine and cystine were
MATERIALS AND METHODS
Digestibility coefficients of nutrients were determined for The experiment was carried out at poultry experimental unite Sakha, Animal Production Research Institute, Egypt. A total number of 450 Inshas hens (30 wks old) and 45 cocks were distributed into 15 treatments of 30 hens and 3 cocks each in three replicates (10 hens and one cock each). The experimental treatments were arranged as 5 x 3 factorial design with five levels (0, 5, 10, 15 and 20%) of DDGS without or with two enzyme supplementation. The tested two commercial enzyme preparations were Kemzyme plus dry (supplemented at ® 250 g m/ton feed) is a mixture of "-amylase, betaglucanase, cellulase, protease and xylanase) and Polytec Binder plus (supplemented at 500 gm/ton feed) ® is a mixture of xylanase, "-amylase, beta-glucanase and protease). Diets were formulated (Table 1) to contain 16% CP and 2700 Kcal ME/Kg at laying period. Hens were housed in floor pens (280 cm long x 220 cm wide) / replicate and kept under similar conditions of determined in samples oxidized with performic acid. experimental diets using 3 cockerels each treatment (42 wks old). Samples of experimental diets and dried excreta were assigned for proximate chemical composition according to Official Methods of Analysis AOAC (1990) . Faecal nitrogen was determined according to method outlined by Ekman et al. (1949) , while the urinary organic matter fraction was calculated according to Abou-Raya and Galal (1971) . Body Weight (BW) was measured at 30 wks of age and at the end of experimental period (40 wks of age). Feed Intake (FI), Egg Production (EP), Egg Weight (EW) were recorded, while, feed conversion (feed consumption/egg mass) and egg mass (by multiplying egg number by average egg weight) were calculated every week intervals throughout the entire experimental period. Egg quality measured was preformed on eggs produced at the end of the experimental period using fifteen eggs/ treatment. Shape and yolk index were measured according to Romanoff and Romanoff (1949) . Egg shell Paganelli et al. amino acid in corn co-products when compared with (1974) . Egg yolk color score was measured by matching soybean (oilseed) co-products such as soybean meal, the yolk with one of the 15 bands of a 1961 Roche in addition to the heating process which reduce the Improved Yolk Color Fan. lysine availability in DDGS Parson et al. (1992) . Cockerels were massaged and semen was collected at Differences in processing procedures may lead to large the end of the experiment to determine some semen variations in the nutritional value of DDGS Cromwell et physical properties (ejaculated volume (ml), advanced al. (1993) . In addition, the nutritional value of DDGS is motility %, alive %, dead % and abnormality % sperm related to its lysine content and is more closely related %).
to acid detergent fiber and acid detergent insoluble Eggs were collected and numbered daily and then nitrogen than to neutral detergent fiber content. placed in incubators. On day 18 of incubation, the eggs th were translated in order to test fertility percentage and to Nutrient of digestibility coefficients: Digestibility be moved to the hatcher, for hatchability percentage coefficient values of Crude Protein (CP), Crude Fiber estimation. Hatching chicks were weight to the nearest (CF), Ether Extract (EE) and Nitrogen Free Extract (NFE) grams.
were not significantly affected by dietary DDGS levels or Data were subjected to a (5 x 3) factorial design, enzyme supplementation (Table 3) . However, chicks fed statistical analysis using General Linear Model of SAS diets containing DDGS supplemented with Kemzyme Institute (2004). Means were separated by Duncan plus dry (enzyme 1) had significantly higher percentage Multiple Range Test Duncan (1955) .
of digestibility coefficient value of ether extract than those
RESULTS AND DISCUSSION

Chemical composition of the experimental ingredients:
The chemical and some amino acids composition of the distillers dried grains with solubles, yellow corn and soybean meal are summarized in Table 2 . The moisture, crude protein, ether extract, crude fiber and ash values of DDGS, yellow corn and soybean meal are within the normal range of NRC (1994). However, the protein content of DDGS has been reported to vary between 23 and 32% with average 27.5% Batal and Dale (2006) . This wide range is likely because o f differences in the protein content of the corn grain used to produce DDGS and because of differences in residual starch content (diluting the concentrations of protein and other nutrients) caused by differences in fermentation efficiency. Recently, Shalash et al. (2009a,b) reported that the protein content of DDGS was 27.65%. Amino acids profile of soybean meal is rich in lysine, but deficient in methionine. However, DDGS was lower in methionine and lysine compared with soybean meal as a source of protein (Shalash et al., 2009a,b) . A reduced fed the other treatments. These results generally agree with those reported by who mention that the digestibility of EE by poultry was usually high digestion coefficient not less than 70% which lies in the range of values obtained in the present study. Recently, Shalash et al. (2009a,b) found that feeding cockers 100% DDGS reduced EE to 69.3% compared to 82.37 for those fed 50% DDGS. Insignificant interactions between dietary DDGS levels and enzyme supplementations were observed for CP, CF, EE and NFE. However, the highest value of CP digestibility was observed for chicks fed diet containing 5% DDGS supplemented with kemzyme plus dry (enzyme 1). Table 4 indicated that i ncreasing DDGS level from 0.0-20% had n o significant effect on Body Weight Gain (BWG) and feed intake. However increasing DDGS to 15 or 20% in laying hen diets significantly (p<0.01) decreased egg production %, egg number, egg weight and egg mass and gave the worst feed conversion compared with the other levels (0, 5 and 10%). No significant differences can be detected in egg weight, egg production %, egg 0-25% for White Leghorn-type hens (24 wks) had no number, egg mass and feed conversion between groups of hens fed different dietary levels of DDGS (0 and 10%) during experimental period. However, inclusion of 5% DDGS in laying diets significantly increased egg production % egg number and egg mass, compared with the other treatments. The present results show that DDGS can be successfully fed a t levels up to 10% in laying hen diet which agrees with previous research (Lumpkins et al., 2005) . Moreover, Roberts et al. (2007) found that using 10% DDGS in laying hens diets had no effects on egg production. Inclusion of 15% DDGS did not adversely affect performance of laying hens but suggested that lower levels of DDGS can be used when introducing it into the diet (Roberson et al., 2005) . While, inclusion of 20% DDGS in laying hen diets negatively affected egg production, weight, number, mass and feed conversion Swiatkiwicz and Koreleski (2006) . These results disagree with that reported by Scheideler et al. (2008) , who found that increasing graded levels of DDGS from negative effect on egg production, feed intake and body weight gain. The decreased egg weight, egg production %, egg number, and egg mass, with high level of DDGS (15 and 20%) may be due to the high percentage of crude fiber, unpalatable and the sulfur content of the DDGS (between 0.3-1.9%) Pineda et al. (2008) and lysine deficiency (Sherr et al., 1989) and Hansen and Millington (1979) where they reported that, The lysine deficiency may be due to the mallard reaction which reduces the digestibility of lysine by competing with absorption of lysine or inhibition of carboxy peptidases. While, the soybean protein is known to have more favorable amino acid pattern for birds performance than DDGS. Furthermore, the diet with the highest content (20%) of DDGS contained low level of starch because most o f the starch is converted to ethanol during fermentation Creswell (2006) , meaning that the hens relied solely on converting part of dietary amino acids to glucose through the gluconeogenesis pathway t o maintain normal glucose concentrations in the blood and relying increasingly on fatty acid oxidation to supply significantly affected by enzyme addition or type of diet. energy. The DDGS diets contained relatively high Supplementation of Kemzyme plus dry to laying diets amounts of fat, protein and fiber, which differ widely in recorded the highest egg weight, egg production %, egg their energy losses as heat increment.
Laying hen performance: Results in
number and egg mass compared with Polytec Binder Supplementation of enzyme preparation to diets plus or control diet. The beneficial effect of Kemzyme containing DDGS (Table 4) increased egg production plus dry preparation including mixture of betaand egg number compared with the control diets glucanase, protease, amylase and the high level o f (without enzyme supplementation). These results xylanase may work synergistically to improve the nutritive agreed with those reported by Swiatkiwicz and Koreleski value of DDGS diets for laying hens. In addition to its (2006), who found that addition of NSPases in the 44-to content of cellulase which improve fiber digestibility. 68-week feed phase helped offset the drop in laying rate
Concerning the interaction between dietary levels o f and daily egg mass in diets with 20% DDGS versus the DDGS and enzyme supplementation, there were non-supplemented diet. In addition, Yakout et al. (2003) insignificantly increase in egg production, egg number reported that egg mass was significantly improved by and egg mass for treatments fed (5, 10, 15 and 20 %) enzyme addition. Moreover, Nelson (1989) noted that a DDGS with the enzyme compared to the same levels multi-enzyme preparation containing a variety o f without enzyme specially, with the kemzyme plus dry. enzymes, which degrade cell walls and liberate nutrients Also, feed conversion was slightly improved for chicken improved laying performance. This was not reported by fed diets containing the levels (10, 15 and 20%) DDGS El- Deek et al. (2003) as egg production% was not supplemented with the two different enzyme compared to the same level without enzyme supplementation. supplemented with enzyme Polytec Binder plus alone or These insignificant increment may be due to the synergistic effect of enzymes which improve the nutritive value of the DDGS levels. These results agree with (Nelson, 1989) who stated that laying performance was improved by adding multi enzyme preparations containing variety of enzyme. Also (Shalash et al., 2009a,b) reported that there was an increase in broiler body weight at 28 and 42 day when they fed diet containing 12% DDGS supplemented with radish root extract enzyme. In addition (Ali et al., 2006) found with quail in both growing and laying period that addition of radish root extract enzyme and Polytec Binder plus each alone or in combination significantly improve feed conversion of diet containing 30% wheat bran, putting in mind that the problem in wheat bran was the high content of crude fiber and phenolic compounds while in DDGS the problem was the high content of crude fiber and mallard reactions. Moreover, Abaza et al. (2004) found that diets containing 35% wheat bran and with radish root extract enzyme improve feed conversion in locals hens. The present results indicate that the supplementation of enzymes could improve the utilization of the DDGS with the high levels (15, 20%). Table 5 indicated that n o significant effect on egg weight, albumin weight %, yolk weight %, shell weight %, egg shape % and yolk index % by inclusion dietary levels of DDGS in laying hens diets. These results are in agreement with those reported by Lumpkins et al. (2005) and Roberts et al. (2007) who mention that egg quality parameters were not affect by feeding White Leghorn-type laying hens (23 to 58 wks of age) diets containing 10% DDGS. Moreover, Pineda et al. (2008) reported that egg quality was not affected by the DDGS inclusion. Increasing DDGS to 15 or 20% in laying hen diets (Table 5 ) significantly (p<0.01) increased yolk color compared with the other levels. These results agree with those reported by Pineda et al. (2008) . This observation was expected, because corn weight, yolk weight %, shell weight %, yolk index % and contains relatively high contents of xanthophylls, which egg shape %. However, supplementation of enzyme are a primary contributor of yolk pigmentation NRC preparations had significant effect on albumin weight %, (1994). In addition, Roberson et al. (2005) show that egg yolk color and shell thickness. These results agreed yolk is visually changed within one month when 10% or with those reported by El-Deek et al. (2003) , who higher of a lightly colored DDGS is fed and by two observed that yolk color increased significantly due to months with 5% DDGS. At the present study shell enzyme addition. This may be due to dietary thickness was significantly increased by the DDGS pigmentation released from cell wall contents Graham inclusion in laying hen diets. These results disagree (1991) . Insignificant interactions between dietary DDGS with those reported by Pineda et al. (2008) who indicated levels and enzyme supplementations were observed for that reducing egg shell quality by the DDGS inclusion in egg quality in general. laying hen diets which contain sulfur may interfere with absorption of dietary calcium from the small intestines. The difference between the two results may be due to the type of hens (commercial vs local strain) used in experiment, where the commercial line with high production expected to be more affected than the local one(commercial needs more available Ca to meet their high productions of eggs). Supplementation of enzyme preparations to diets containing DDGS had no significant effect on egg Semen quality, fertility and hatchability: Results in Table ( 6 and 7) indicate that no significant effect on volume of semen, motility %, life sperm %, dead sperm % and abnormality sperm %, fertility %, total egg set %, fertile egg % and body weight of chicks at hatch by inclusion DDGS and enzyme supplementation o r interaction between DDGS levels and enzyme supplementation in laying hen diets. These results agree partially with those reported by Attia et al. (1997) Abaza, 2006 . Effect of addition exhibited no deteriorating effect on fertility and hatchability of total eggs set.
Egg quality: Results in
Conclusion: DDGS could be incorporation in laying hen diets up to 10% without adverse effect on productive performance or reproductive of laying hens in both sexes. While, enzyme addition to DDGS diets give a hand in improving the utilization of DDGS levels even with the high levels 15 or 20%.
